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Abstract:
8-hydroxyquinoline5-sulphonic acid,
anthranilic acid and formaldehyde were

utilized to create the copolymer and
activated charcoal were utilized to
synthesized the new composite. The

properties and structure of the copolymer
and the copolymer/activated charcoal
composite were assessed using a variety of
characterisation methods such as UV-Visible,
FTIR, NMR (*H &"C) spectra, elemental

analysis, and SEM. Gel permeation
chromatography were utilized for
determination of  molecular  weight

distribution. Photoluminescence was used to
study their fluorescence characteristics, and
the results showed that the
photoluminescence  wavelength  of the
composite changed to red in comparison to
that of the copolymer.

Keywords:copolymer; composite;
photoluminescence studies;
polycondensation; elemental analysis.

1. Introduction:

The last several years have seen an
increase in attention in polymer-based rare earth
luminescent materials[1], as these materials
offer the benefits of both rare earth compound
luminescence properties, characteristics include
lengthy  luminescence durations, distinct
emission bands, significant Stokes shifts, and
elevated quantum yields, as well as the physical
attributes of polymers, like their strength,
flexibility, and processability. Most of the
ground-breaking research in this area has

focused on polymer systems that have been
mixed or doped with lanthanide chemicals [2].

A significant contribution to the
advancement of science and technology may
come from luminescent materials with quantum
efficiencies greater than unity. Numerous
scientific disciplines, including
biotechnology,diagnostics,cell biology,
pharmaceutics, and analytics are very interested
in nanoparticles [3]. Due to the improved
thermal and mechanical properties of the
composites, the production and development of
nanocomposites based on polymers has recently
acquired  prominence.  Additionally, the
composition of the matrix has an impact on the
functional characteristics of the
nanocomposites. In  numerous medicinal,
agricultural, drug release, and packaging
applications [4, 5], polymer-based
nanocomposites exhibit outstanding benefits of
biodegradability and biocompatibility.

The hydroxyl-group containing
polymers are among the most desirable for
encasing ZnS semiconductor nanocrystals [6-7].
Wang et al. recently reported multi-layered
ZnS:Cu nanoparticles made of chitosan and
alginate as well as ZnxCdl-xS/alginate
nanoparticles with an alginate coating [8-9].
Gurnule et al. investigated the
photoluminescence characteristics of a novel
copolymer composite, which was created by
ultrasonically mixing activated charcoal in a 1:2
molar ratios with 2-amino 6-
nitrobenzothiazole/melamine/8-
hydroxyquinoline5-sulphonic  acid/  phthalic
acid/formaldehyde copolymer. The copolymer

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-11, ISSUE-9, 2024

DOI: 10.21276/ijcesr.2024.11.9.54

372


mailto:wbgurnule@gmail.com

INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

produces strong blue light with a wavelength of
440 nm when activated at 365 nm, which is
suitable for OLEDs [10-11]. Desai and
colleagues [12] used oxidative coupling
polymerization to create a new functional
alternating copolymer with well-defined pyrrole
and anthracene units in the main chain. The
copolymer fluorescence spectra in solid powder
were found to have anthracene concentrations
and were highest at 518 nm, in the green region.
By using a direct chemical oxidative
polymerization  process, copolymers  of
polypyrrole with various moieties such as
pyrene, fluorene, thiophene, carbazole, and
terephthalaldehyde were created [13-16]. When
compared to their homomers, the produced
copolymers showed unique thermal, electrical,
and fluorescence characteristics [13-15].

OH

SOgH

8-hydroxyquinoline-5-sulfonic acid

NH,
@ 3n )I\

anthanlic acid

2. Experimental

2.1 SYNTHESIS OF COPOLYMER AND

COMPOSITE

Following a process based on prior literature
[16], the 8-hydroxyquinoline-5-sulphonic acid
(0.2 mol), anthranilic acid (0.1 mol), and
formaldehyde (0.5 mol) copolymer was created
utilising the polycondensation method on acid
medium for 6 h at 124 °C in an oil bath. Fig.1
depicts the copolymer synthesis mechanism. A
composite made of a new copolymer and
activated charcoal was created in a 1:2 ratio.
The activated charcoal was added after the
copolymer had been dissolved in 25 ml of
DMF, and the mixture was then ultrasonically
processed for 3 hours with continuous stirring
for 24 hours. Lastly the dark colored composite
was dried in an air oven at 70°C for 24 hrs

COOH

formaldehyde

124 °C l 2M HCI

Reflux

8-HQ5-SAAF-II

Figure 1: structure of 8-HQ-5-SAAF-1I copolymer.

3. Results and Discussion
3.1 Elemental analysis

in great agreement[17]. The empirical weight of
a single repeating unit was computed using the
empirical formula. Table 1 provides analytical

The 8-HQ5-SAAF-1I copolymers were information for all four 8-HQ5-SAAF-II
investigated for C, H, N, and S. The assessed copolymers.
values and the noticed discoveries are viewed as
Table 1: Elemental analysis data of copolymer
Elemental Analysis (%) Empirical
Formulae
Compound Found (Calculated) Formulae of M
. : ass
C H N S Repeating Unit
54.00 3.08 6.76 10.38
8-HQ5-SAAF-II C29H25N3010S 611
Q (53.00) (3.43) (6.8)  (10.74) S
3.2 Molecular weight determination used to calculate the empirical weight of a
It is determined that there is a good single repeating wunit. Table 2 provides
degree of agreement between the evaluated and analytical information for 8-HQ5-SAAF-II

observed values. The empirical formula was

copolymers. GPC (Shimadzu, Japan) assessed
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the molecular weights of the copolymer's
number average (M,,) weight average (M,,) and
size average (M,) using THF as a mobile phase

and CLC polystyrene as a stationary phase in
the column.

Table 2: Molecular weight data of copolymer

;/\\//g:gg; umber avSéIrZaZe The polydispersity pondTish[?ersity
average index (
Copolymer molecular M, M, i index
weight  molecular  molecular —= M,
M, weight weight M, i,
(8-HQ5-SAAF)-II 6869 6884 6899 1.0027 1.0029

3.3 UV-Visible spectra

The copolymer spectrum revealed two
unique absorption bands at 470 nm and 280 nm,
which are attributed to the n—n* and n—n*
transitions, respectively. The intensity of these
absorption bands varied, with the band at 280
nm showing the lowest intensity. This band is
less strong and is centered at 280 nm. It is
caused by the (m—mn*) allowed transition of
chromophore groups that are in conjugation
with an aromatic nucleus [18]. On the other
hand, the n—n* transition of —NH groups is
responsible for the strong band observed at 470
nm. The presence of the aromatic nucleus is
confirmed by the m—n* transition, while the

presence of the -NH groups is demonstrated by
the n—m* transition.

As illustrated in Fig. 2, the copolymer
composite's spectrum revealed two absorption
bands at 260 nm and 470 nm. The presence of a
carbonyl group and an aromatic ring in the
composite, which may account for the n— n*
transition, is clearly indicated by the lowered
absorbance band at 260 nm and 442 nm. The
band at 370 nm assigned to the n—n* transition
reveals the presence of the >NH group in the
composite [19]. The composite development is
confirmed by the observed outcomes due to the
shifting of bands. In addition, when compared
to the copolymer, the composite absorption has
decreased.
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Figure 2: Electronic Spectra of 8-HQ-5-SAAF-11 copolymer and its composite

3.4 FTIR Spectra

The  Fourier  transform  infrared
spectroscopy is the most effective technique for
finding the sorts of functional groups and
chemical bonds (FTIR). Figure 3 shows the
FTIR spectrum of 8-HQ5-SAAF-II copolymer.
The hydroxyl group of -COOH present in the
aromatic ring is attributed to a broad band in the
copolymer spectrum in the range of 3501 cm™

[20]. This band appears to have fused with the
hydroxyl group of 8-hydroxyquinoline's
hydroxyl group. Modes of aromatic ring
stretching give rise to a peak at 3048 cm™,
while the Ar-NH, group's C-N stretching
produces a prominent band at 1271 cm-%.
Between 1200 cm-1 and 800 cm-1, strong,
medium-weak, and weak absorption bands of
the 1,2,3,5 tetra substitution of the aromatic
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benzene ring were visible. Because of the
carboxylic ketone's (C=0) stretching vibrations,
the band is visible at 1633 cm™. Because of the
CHy, in the copolymer, a weak band can be seen
in the area 3031.1 cm™. The band that appears
to extend an aromatic ring is connected to this
band [21].

Figure 3 shows the FTIR spectrum of
the 8-HQ5-SAAF-C composite. According to
the findings, the composite spectrum differed
somewhat from the copolymer spectrum. The
broad band at 3507 cm-1 is attributed to the

stretching vibrations of the -OH group induced
by the copolymer, whereas the broad band at
1525.8 cm™ is attributed to the stretching mode
of the -NH group caused by the copolymer.
This  definitely  demonstrates  composite
creation. The -CH; linkage was also assigned to
the band at 1310 cm™, and the stretching
vibration of the carbonyl group (C=0) was
altered from 1500 cm-' to 1650 cm™. In
addition, the aromatic ring stretching mode has
shifted from 3049 cm™ to 3114 cm-'[22]. At
1627 cm™, the C-N stretching vibration appears.
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Figure 3: FTIR Spectra of 8-HQ-5-SAAF-II Copolymer
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3.5'"H NMR
To support the connections of the
suggested structure, the NMR (*H) spectra of 8-
HQ5-SAAF-I1  copolymers was obtained.

450.0

Copolymer 8-HQ5-SAAF proton NMR spectra
are shown in (Fig. 4). The Quinoline rings -OH
is thought to be responsible for the strong signal
at 9.1 ppm. A singlet associated with the -OH of
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Ar-COOH that first appeared at 8.6 ppm. The
several signals that were found in the range of
7.3 to 8.5 ppm are the anticipated aromatic ring
protons [23]. The Ar-CH,-Ar bridge's

methylene proton produced a significant signal
at 2.4 ppm. The -SO3H group is responsible for
the sharp singlet that was detected at 9.8 ppm
[24].

l
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1" 10

T T
1 0 ppm

Flgure 4: lH NMR Spectra of 8- HQ -5- SAAF II Copolymer

3.6 °C NMR Spectra
3C NMR spectra of the representative
copolymer, 8-HQ 5-SAAF, are given in Fig. 5.
The literature [25-26] is used to ascribe the
observed chemical shifts. The spectrum shows
the corresponding peaks at 113.11, 121.98,
125.09, 125.53, 125.70, and 128.3 ppm for the

amino aromatic ring's C1 to C6. The peak at
39.62 ppm was found to be caused by the Ar-
CH; bridge in the copolymer. In the copolymer,
the peaks for C1 to C9 of the quinoline ring
were found at concentrations of 148.69, 144.85,
134.89, 130.73, 127.07, 127.91, 127.55, 148.9,
and 125.70 ppm, respectively.

T T I I T 1 T I I T T I I 1 T T I I T 1 I I I T
220 290 200 190 180 470 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 ppm

Figure 5: 3C NMR Spectra of 8-HQ-5-SAAF-11 Copolymer

3.7 Scanning Electron Microscopy
Samples were examined using a SEM in
order to evaluate the morphological properties
of the copolymer and its composites. The

obtained pictures are displayed in Fig. 6. The
photos reveal tiny nanoparticle clusters
adhering to the surface of larger particles.
Surface analysis has proven to be quite helpful
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in comprehending the material's surface
characteristics. A scanning electron microscope
was used to examine the morphology of the 8-
HQ5-SAAF-11 copolymer sample, as shown in
Fig. 5.5. There are more active sites and a less
densely packed surface on the copolymer
surface [27]. The smooth surface resembling
white stone was examined in the context of the
produced copolymer (fig. 6). There are large
gaps in the structure shown in the copolymer
micrograph.

Feoeoo o R b 0 v

3.8 Photoluminescence Study

RF-501(PC) S CE (LVD) LS55
Shimadzu MODEL spectrophotometer was used
to measure the photoluminescence spectra of
copolymer composites at a concentration of
104 mol/L in DMF. Fig. 7, 8displays the
photoluminescence  spectra of copolymer
composites. Copolymer composites shows
emission bands in the UV region at 482 nm,
along with excitation peak approximately 407
nm (blue), 379 (nm) wavelengths. The PL
quenching shows that the rate of photo-induced
electron transfer from donor polymer to
acceptor charcoal considerably rises with
increasing molar ratio of  copolymer.
Additionally, as the molar ratios of the
copolymer in the charcoal rise, a change in the
conjugated polymer's effective conjugation
causes an increase in the emission of 8-
HQS5SAAF-C composites in the blue region
[28].

The results of the photoluminescence
evaluation for copolymer  8-HQ5-SAAF
composites are demonstrated in Fig. PL spectra
of this copolymer composite with carbon in this
manner demonstrate that the provided material
has adequate strength to be used in the study of
semiconductor devices. According to the

Figure 6: SEM Images of 8-HQ-5-SAAF-II Copolymer and its Composites

A little variation in the 8-HQ5-SAAF-
CHA composite surface morphology from the
copolymer was noted, which could support the
composite's development. The composite
revealed a less densely packed structure that
resembled a sponge with spherulites surface and
varying granule sizes. The composite has a
larger surface area and a greater variety of
cavities available on surface adsorbents. Thus, it
can be inferred from this image that the
composite including the synthetic polymer and
activated charcoal has formed clearly.

- Composite

findings, the prepared co-appointment
copolymer composites can be used as a support
material for applications such as strong country
lights and picture luminescent fluid display
(PLLCD) [29].

The aforementioned discovery makes it
evident that the alteration of the copolymer
matrix by the addition of charcoal as a filler was
the reason why copolymer composites
displayed photoluminescence capabilities. With
a rise in the molar ratio of the copolymer, the
transfer of photo-induced charges from donor
copolymer to acceptor charcoal increases
effective, suppressing PL emission from the
copolymer. As a result, the conducting
copolymer-charcoal composites' PL spectra
demonstrate that the material was of sufficient
quality to be used in semiconductor device
research and serve as a support material for
applications such as solid-state lighting and
photoluminescent  liquid  crystal  displays
(PLLCDs).
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Figure 7: PL Spectra (Emission) for 8-HQ5-SAAF-11-C Copolymer Composites
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Figure 8: PL Spectra (Excitation) for 8-HQ5-SAAF-11-C Copolymer Composites

4. Conclusion
In conclusion, we have effectively used
polycondensation to create a novel functional
copolymer. The spectral data change that was
obtained suggested that the resultant polymers
have a wide polymer. When compared to their
copolymer, the composite TGA study results
showed that they were more thermally stable.
Copolymers have homogenous shape and
randomly oriented crystallites, as seen in the
SEM images. The copolymer
photoluminecsence spectra in solid powder
were found to exhibit greenness at a maximum
wavelength of 482 nm. As a result, the
conducting copolymer-charcoal composites’ PL

spectra demonstrate that the material was of
sufficient quality to be used in semiconductor
device research and serve as a support material
for applications such as solid-state lighting and
photoluminescent  liquid  crystal  displays
(PLLCDs).
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